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[57] ABSTRACT 

A circuit and method for sensing in current mode when a 
telephone has been answered in a telephone system in which 
an answer is indicated when a dc component of a signal 
across a resistor exceeds a predetermined reference current 
Currents sensed at the terminals of the resistor are combined 
to provide a third current that includes the dc component, 
without attenuation of the dc component A filter separates 
the dc component from the third current so that the dc 
component can be compared to the reference current. 

16 Claims, 4 Drawing Sheets 
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CURRENT MODE RING TRIP DETECTOR Accordingly, it is an object of the present invention to 

BACKGROUND OF THE INVENTION a L novel **** and method for sensin S when a 

... , , telephone has been answered that obviates the problems of 

The present invention relates to telephone systemnng trip ^ ^ m ^ ^^^g ^ me current mode> 

detectors, and more particularly to current mode circuits and . . . • t 

methods for sensing when a telephone has been answered. 5 * " object of the present invention to provide a 

Telephone systems sense when a telephone has been ™ vd OTaut ™ d m ^ u for scnsm * ; when a telephone has 

answered by determining the difference between two been answered in which the magnitude of the dc component 

voltages, and evaluating whether a dc component of that 1S not recced. 

difference exceeds a predetermined value. If the value is It is still another object of the present invention to provide 

exceeded, the telephone has been answered. 10 a novel circuit and method for sensing when a telephone has 

With reference to FIG. 1, a conventional telephone system been answered in which the currents on either side of the 

10 includes a ringing generator signal source 12 located at current limiting resistor are combined and the magnitude of 

a telephone exchange for providing a ring signal with ac and the combination compared to a reference, without attenua- 

dc components to a telephone. When a telephone is to be don. 

rung, a ring signal is provided from the ring generator 12, 15 ^ fa ^ objea q{ me t hmBSkm to ^ 

across a current limiting resistcr 14 (also at the telephone a novcl diaAt ^ mctnod for scnsmg whcn a telephone has 

exchange,) through closed switch 16 to toe telephone 18, beefl fa whicn ^ * ^ d 

and to ground through closed switch 20. The telephone 18 . . . , - ... . , - . .. V1 

may be represented by a bell 18a, a capacitor 18* for P r ° vde ^ from juther side of the current limiting 

blocking dc signals, voice circuitry 18c, andTswitch hook 20 "K** wUh *W™pnate polarity for combination. 

18J. Open switches 22 separate the subscriber line interface Id a further improvement, the present invention addresses 

circuit (SLIC) 24 from the ring signaL The switch hook I'M the problem of feedthrough from a ring signal to SLIC audio 

is open until the telephone is answered, and dc signals arc circuitry. Telephone systems may include a ring trip detector 

blocked by capacitor 18b. Thus, until the telephone is in an integrated circuit with a SLIC, and the relatively high 

answered, only the ac component of the ring signal flows 25 voltage ring signal may bleed over from the detector cir- 

through resistor 14. When the telephone is answered, switch cuitry to the SLIC, degrading SLIC performance, 

hook 1&* closes and the dc component of the ring signal Accordingly, it is a further object of the present invention to 

reaches ground The dc component of the ring signal now provide a clamping circuit that clamps the detector circuitry 

flows through resistor 14. t0 ground to thereby prevent feedthrough to the SUC. 

The circuit 30 for detamining when the telephone has ^ These and other objects ^ Stages me 

been answered senses when the dc component of the signal t ^ tQ one skmed m 

across the current limiting resistor 14 exceeds a predeter- f. . _ _ - . . t . ; M ^„t^« rJL+f;^ Q „f *u a 

mined value. The circuit 30 typically includes leads from the *t * wmch m * eiltl ? n V*^*"?* P ™ S3 $ ? f 

tenninals 32 and 34 of the resistor 14 for sensing the claims the apndedtowings, and the following detailed 

voltages at each side of the resistor. The voltage VI at description of preferred embodiments. 

terniinal32may besensedby resistor 36.^e voltage V2 at 35 BRIEF DESCRIPTION OF THE DRAWINGS 
terminal 34 may be sensed by resistor 38. These voltages are 

to be compared, but because the voltages are so large (VI FIG. 1 is a circuit diagram of a ring trip detector circuit 

may be 150 volts, and V2 almost as high), Ihey are first of the prior art 

reduced by voltage dividers 40 and 42. The voltage dividers mQ 2 is a circuit diagram of an embodiment of a current 

40and42providelowervoltagestoano^ 40 modc ^ detector of the present invention. 

44 where the voltages are combined to provide an output Vrt __, ... .... c „ . ,. e 

that is proportional to the voltage drop across the resistor 14 nG. 3 is a circuit diagram of a further embodiment of a 

(i.e. , the difference between VI and V2). A low pass filter 46 circuit of me V 10 *™ 1 mention. 

separates the dc component of Vrt and provides the dc FIG. 4 is a circuit diagram of an alternative embodiment 

component Vrtdc to a comparator 48 where it is compared 45 of a filter and comparator of a ring trip detector of the present 

to a reference voltage, Vref . The comparator 48 provides an invention. 

output Vout indicating that the telephone has been answered FIG. 5 is a circuit diagram of a clamping circuit of the 

when Vrtdc exceeds Vref. present invention. 

This method is widely used, but has a significant _____ _ _ _ l ... t , . l , lJ ... .. 

disadvantage, and it is an object of the present invention to 50 DESCRIPTION OF PREFERRED 

obviate this disadvantage. The voltage dividers 40 and 42 EMBODIMENTS 

reduce the input voltages for the operational amplifier 44 to With reference now to FIG. 2, an embodiment of the 

voltages within the operational amplifier's operating range, present invention may include current mode ring trip detec- 

but in the process they also reduce the magnitude of the dc tor circuitry 50 that operates with conventional telephone 

component of the ring signal. Errors due to imprecise 55 systems (the element numbers of some of the conventional 

components in the detector will become relatively larger as elements of FIG. 1 have been maintained in FIG. 2 in the 

the magnitude of the dc component decreases. The com- interest of clarity). The circuitry 50 receives signals from 

parison of the dc component to the reference becomes more terminals 32 and 34 on each side of the resistor 14, and 

difficult as it is a much smaller value with more precision provides an output signal to a filter for separation of the dc 

being required in the detector 10 from resistor 14 to Vout 60 component and subsequent comparison to a reference, Sig- 

For example, one method of reducing errors is to provide nals from terminals 32 and 34 may be converted to currents 

four precisely matched resistors for the voltage dividers 40 H and 13 by voltage-to-current converters 52 and 54 and 

and 42 and resistors 36 and 38. provided to node Nl where the two currents are combined 

Another disadvantage of the prior art is the expense of the to form a third current, the dc component of which is 

operational amplifier 44. It is a further object of the present 65 proportional to the dc voltage component of the signal 

invention to eliminate this element from the ring trip detec- across resistor 14. In contrast to the prior art, the circuit 

tor circuit operates in current mode, and, by way of further example, 
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the magnitude of the dc component is substantially Nl (a similar circuit may be provided for current 12). When 

unchanged and an operational amplifier and precisely the telephone exchange is generating a ring voltage and 

matched resistors are not required. clamping protection is not needed, current source 102 is off. 

The polarity of the signals from terminals 32 and 34 may Transistors Q5, Q6 and Q7 are off and the circuit 100 

be set so that the signal to the filter 46 is proportional to the 5 presents a tri-stated high impedance output to node NL 

difference VI minus V2. To this end, current 12 may be When the exchange is not ringing a telephone but the ring 

provided to paired switches 56 and 58 that provide a virtual signal is still being provided, current source 102 is turned on, 

ground to converter 52. The ring generator voltage VI turning on transistor Q7. Node N2 rises to one Vbe at which 

appears entirely across the converter 52 so that current 12 is point transistor Q6 turns on, pulling node Nl down until 

linearly proportional to the ring generator voltage VI. The 1Q transistor Q6 saturates. At that point transistor Q7 collector 

switches 56 and 58 may be arranged so that when the ring current Icl equals transistor Q5 base current Ic2 and tran- 

generatcr voltage VI is positive, switch 56 closes and sistor Q5 is heavily saturated. Node Nl is now damped to 

current 12 is provided through a current mirror 60 as current ground for both negative and positive currents. For example, 

14. Conversely, when ring generator voltage VI is negative, if 13 is positive and into the node Nl, the low saturated 

switch 58 closes and current 12 is provided through a current impedance of transistor Q5 holds Nl close to ground and Ic3 

mirror 62 as current 16. The current 18 to node Nl is either 15 equals 13. If 13 is negative the low emitter impedance of 

equal to 14 or 16 depending on whether the ring generator transistor Q6 holds node Nl to near ground and Ic4 equals 

voltage VI is positive or negative, and 18 is the negative of 13. Node Nl is thus restricted to a range near ground of Vsat 

12. That is. if VI is positive, 18 flows out of node Nl, and on the positive side and the delta Vbe of Q5 and Q6 on the 

if VI is negative, 18 flows into node Nl. negative side. A similar clamping circuit may be provided 

The switches 64 and 66 similarly present a virtual ground 20 for 12 as welL The clamping circuit 100 may also find 

to converter 54 so that current D is linearly proportional to application in prior art detector circuits of the type illustrated 

voltage V2. Current 13 is provided to node Nl where it in FIG. 1 where it may be attached to voltage dividers 40 and 

combines with current 18 to form a third current 19 that is 42. 

equal to the sum of 18 and D (also equal to the difference While preferred embodiments of the present invention 

between 13 and 12). Thus, 19 is proportional to the difference have been described, it is to be understood that the embodi- 

V2 minus VI. The switches 64 and 66 may be arranged so ments described are illustrative only and the scope of the 

that when the voltage V2 is positive, switch 64 closes and invention is to be defined solely by the appended claims 

current 19 is provided through a current mirror 68 as current when accorded a full range of equivalence, many variations 

110. Conversely, when voltage V2 is negative, switch 66 and modifications naturally occurring to those skilled in the 

closes and current 19 is provided through a current minor 70 art from a perusal hereof, 

as current 112. The current mirrors 68 and 70 invert 19 so that What is claimed is: 

114 equals the negative of 19, and 114 is proportional to the 1. A circuit for sensing when a telephone has been 

desired difference VI minus V2. Current 114 may be con- answered in a telephone system in which an answer is 

verted to a voltage Vrt in current-to-voltage converter 72. 35 indicated when a dc component of a ring signal across a 

With reference now to FIG. 3, a preferred embodiment of resistor exceeds a reference current, the circuit comprising: 

the circuit may include resistors 80 and 82 for converting combining means for combining first and second currents 

voltages VI and V2 to currents 12 and 13. The switches for sensed at first and second terminals of the resistor to 

setting the correct polarity may be transistors Q1-Q4, that provide a third current that includes the dc component; 

are desirably pairs of PNP and NPN transistors. The current ^ filter means for separating the dc component from said 

mirrors 84-90 may be conventional current mirrors that third current so that the dc component can be compared 

provide a reciprocal of an input current. The current-to- to the reference current; and 

voltage converter for providing a voltage Vrt to the filter means for damping on e of said first and second currents 

may be a grounded resistor 92. t0 ground when the ring signal is present and a tele- 

The elements of the detector circuitry may be separate 45 phone is not being rung, 

components, or may be formed in an integrated circuit in 2. The circuit of claim 1 wherein said combining means 

which the pairs of transistors may be complementary. The comprises first switching means responsive to a polarity of 

detector circuitry may be included in a SUC integrated a fa s x voltage at said first terminal of the resistor for 

circuit providing said first current to a first circuit node, and means 

In an alternative embodiment illustrated in FIG. 4, the 30 for providing said second current to said first circuit node, 

current 114 from the current mirrors 88, 90 may be filtered 3. The circuit of claim 2 wherein said combining means 

in low pass filter 92 then compared to a reference current further comprises second switching means responsive to a 

Iref, rather than being converted to a voltage and compared polarity of a second voltage at said second terminal of the 

to a reference voltage. A converter 94 may provide an output resistor for providing said third current to said filter means, 

signal that indicates whether the dc component exceeds the 55 4. The circuit of claim 1 wherein said combining means 

reference. comprises a first pair of current mirrors for providing said 

In a further improvement, and with reference again to first current to a first circuit node, and a second pair of 

FIG. 2. the currents 12 and 13 may be clamped to ground current mirrors for providing said third current to said filter 

during the period when the switches 16 and 20 are open and means. 

the ring generator is still providing a ring signal. This 60 5. A circuit for determining when a telephone has been 

improvement may be beneficial where the ring trip detector answered in a telephone system in which a ring voltage is 

circuit is included in the same integrated circuit with the provided across a resistor when a telephone is to be rung, an 

SLIC. As noted above, the ring generator signal provides a answer being indicated when a dc component across the 

voltage VI to the detector circuit that may couple into the resistor exceeds a reference, the circuit comprising: 

SUC audio circuitry, degrading SUC operation. 65 a first voltage-to-current converter for providing a first 

With reference now to FIG. 5. a clamping circuit 100 may current proportional to a first voltage at an input to the 

receive current 13 by being attached, for example, to node resistor; 
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a second voltagc-to-current converter for providing a 

second current proportional to a second voltage at an 

output from the resistor; 
means for combining said first and second currents to 

provide a third current proportional to the difference 

between said first and second voltages; and 
means for clamping a voltage output from said second 

voltage-to-current converter so that the voltage output 

cannot go higher or lower, 
whereby said third current may be used to determine 

whether the telephone has been answered. 

6. The circuit of claim 5 wherein said means far combin- 
ing comprises: 

first switching means responsive to a polarity of said first 
voltage for providing said first current to a first circuit 
node; 

second switching means responsive to a polarity of said 
second voltage for providing said second current to said 
first circuit node, 

whereby said third current is provided at said first circuit 
node. 

7. The circuit of claim 6 where said first and second 
switching means each comprise a pair of PNP and NPN 
transistors for indicating the polarity of respective said first 
and second voltages. 

8. The circuit of claim 6 where said first and second 
switching means each comprise a pair of current mirrors. 

9. The circuit of claim 5 further comprising a current-to- 
voltage converter for converting said third current to a third 30 
voltage; means for providing a dc component of said third 
voltage; and means for comparing said dc component of said 
third voltage to the reference. 

10. Hie circuit of claim 5 further comprising means for 
providing a dc component of said third current; and means 35 
for comparing said dc component of said third current to the 
reference. 

11. A circuit for indicating when a telephone has been 
answered in a telephone system in which a ring voltage is 
provided across a resistor when the telephone is rung, the 40 
answer being indicated when a dc signal across the resistor 
exceeds a reference current, the circuit comprising: 

a first voltage-to-current converter for providing a first 
current proportional to a first voltage at a first terminal 
of the resistor, 45 

a first switch for providing said first current to one current 
minor in a first pair of current mirrors responsive to a 
polarity of said first current, 

said first pair of current mirrors providing said first 50 
current to a first node in the circuit; 

a second voltage-to-current converter for providing a 
second current proportional to a second voltage at a 
second terminal of the resistor, said second current 
being provided to said first node and combined with 55 
said first current to form a third current; and 

a second switch for providing said third current to one 
current mirror in a second pair of current mirrors 
responsive to a polarity of said second current, said 
second pair of current mirrors providing said third 60 
current to means for comparing a dc component of said 
third current to the reference current 



12. The circuit of claim 11 further comprising a clamp for 
clamping one of said first and second currents to ground 
when the ring voltage is being provided and a telephone is 
not being rung. 

13. A clamping circuit far a telephone system in which a 
ring voltage is provided across a resistor when a telephone 
is being rung, the clamping circuit comprising: 

a connection to current at a terminal of the resistor, 
a first transistor switch for selectively clamping said 

connection to ground when a ring voltage is provided 

and a telephone is not being rung; and 
a first current source connected to a base of said first 

transistor switch for operating said first transistor 

switch. 

14. The clamping circuit of claim 13 wherein said con- 
nection comprises a pair of transistors connected in series 
between a power source and ground with their bases con- 
nected to a terminal of said first transistor. 

15. A method of indicating when a telephone has been 
answered in a telephone system in which a ringing generator 
voltage is provided across a resistor at a telephone exchange 
when the exchange rings the telephone, the answer being 
indicated when a dc component of a current across the 
resistor exceeds a reference current, the method comprising 
the steps of: 

(a) converting a first voltage at an input to the resistor to 
a first current proportional to the first voltage; 

(b) converting a second voltage at an output from the 
resistor to a second current proportional to the second 
voltage; 

(c) combining the first and second currents to provide a 
third current proportional to the difference between the 
first and second voltages by 

providing the first current to a first circuit node with a 
pair of current mirrors so that the first current has a 
polarity related to the polarity of the first voltage, 

providing the second current to the first circuit node 
with a pair of current mirrors so that the second 
current has a polarity related to the polarity of the 
second voltage; and 

(d) comparing the dc component of the third current to the 
reference current to determine whether the telephone 
has been answered. 

16. An improved method of indicating when a telephone 
has been answered in a telephone system in which a ringing 
voltage is provided across a resistor when the telephone is to 
be rung, the answer being indicated when a dc component 
across the resistor exceeds a reference current, the improve- 
ment comprising the steps of: 

(a) adding currents sensed on either side of the resistor to 
provide a third current that includes the dc component; 

(b) separating the dc component from the third current so 
that the dc component can be compared to the reference 
current; and 

(c) selectively clamping a terminal of the resistor to 
ground when a ring voltage is provided and a telephone 
is not being rung. . 
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